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    Inkjet printing has evolved from an office printing application to an important tool in industrial 
mass fabrication. Nowadays, the application of inkjet printing technology is no longer limited to the 
printing of text or graphical data onto paper, films, or three-dimensional objects. This technology is 
also considered to be one of the key methods in the field of defined sample injection in analytical 
chemistry, which showed great advantages such as low cost, simplicity, high resolution, speed, 
reproducibility, flexibility, non-contact, and low amount of sample required. The inkjet technology, 
as a common analytical technology, has grown on our research group rootstock, and has been 
applied to gas chromatography (GC), chemiluminescence (CL), immunoassays and mass 
spectrometry (MS). The study of this thesis focused on development of quantitative capillary 
analytical system with inkjet technique.  
The dissertation consists of five parts: 
    In Chapter 1, the fundamental principle, characteristics and injection modes of inkjet were 
introduced. And the applications and progress of inkjet in analysis were summarized. 
    In Chapter 2, I describe a new online quantitative electrophoretically mediated microanalysis 
(EMMA) for use in immunoassays based on the unique drop-by-drop introduction of a sample by 
means of an inkjet for capillary electrophoresis (CE). Plugs of a fluorescein-labeled antibody 
(Anti-humanIgG-DyL550) and human IgG were alternately injected into a capillary using the inkjet, 
followed by the merging of the plugs and the subsequent immune reaction. The antigen-antibody 
complex that was formed in the merged zone was then separated by CE. As a proof-of-concept, the 
method was used to determine human IgG. As a result, both the consumption of the reaction 
solution and the analysis time were significantly reduced. The method showed a wide linear range 
(10–2000 ng mL-1, R2 = 0.9912) of calibration and the detection limit (5 ng mL-1) was 
substantially lower than that by for conventional methods. 
    In Chapter 3, I introduce a method to investigate the separation of cells by capillary 
electrophoresis (CE) coupled with inkjet printing system. The results validated the feasibility of 
inkjet printing for mammalian cells to achieve the drop-on-demand and convenient sampling into 
capillary. And then zone electrophoresis was applied to separate different kind of cell according to 
their electrophoretic mobilities, which is then detected by UV absorption. Linear relationship 
between the peak area and the droplet number was obtained within the range of 25~400 (R
2
 = 
0.996) at a fixed cells concentration, 10
6
/ mL, indicating that this system could be used for rapid and 
accurate quantification of cells. 
   In Chapter 4, droplet digital PCR (ddPCR) system is described. The method is an emulsion PCR 
process that performs absolute quantification of nucleic acids. A continuous droplets generation 
method and their introduction method to capillary were developed. The droplet includes one or zero 
DNA molecules by the dilution of sample solution. DNA inside the droplet was amplified with PCR 
strategy during flowing through the coiled capillary tube, which was partially heated to constant 
high temperature. When the droplets passed the heated zones several times, DNA molecules were 
amplified exponentially, finally the amplified DNA was detected by laser-induced fluorescence. 
The approach allows an immediate distinction between amplified and non-amplified products. The 
system was applied to the absolute quantification of HPV sequence in Caski cells by present  
digital PCR system. The results suggest that the inkjet-based droplet provide a robust platform for 
programmable active droplet generation which could facilitate the development of 
high-performance chemical and biological assays. 
   In Chapter 5, the principal findings and results were briefly summarized and future application 
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